In 1985, a disease which decayed in holes on the center of thalli of cultured Rishiri-konbu Laminaria japonica var. ochotensis, so called "Anaaki -sho" , was observed, and the kombu crop was badly damaged.
The disease has been suggested to be caused by bacterial pathogens, because the location and size of holes were different from the holes due to feeding by marine molluscs (personal communication).
Also, the involvement of alginolytic bacteria in this disease was highly suspect since the cell walls of Laminariales are mainly composed of alginate. A bacterium, designated strain H-4. with high ability to hydrolyze sodium alginate was isolated from decayed thalli of Rishiri-kombu.
In this study, we characterized the strain H-4 and investigated the production conditions of alginate lyase. Alginate Lyase Production The effect of seawater concentration on the growth and alginate lyase production of Alteromonas sp. H-4 were investigated in media containing 0.5% casitone and 0.1% sodium alginate (Fig. 2) .
The growth levels of Alteromonas sp. H-4 were similar in media containing 50, 75, and 90% seawater.
However, the highest growth was obtained at 25% seawater (Fig. 2-A) . On the contrary, alginate lyase activity was higher in media with increased seawater concentrations of 75 and 90% (Fig 2-B) . The effect of casitone on the growth and alginate lyase production of this bacterium was shown in Fig. 3 . With the increase of casitone concentration in media containing 75% seawater and 0.1% sodium alginate, the period of stationary phase of Alteroinonas sp. H-4 was prolonged, and incubation time to give maximum growth yield and release of alginate lyase were also prolonged. Incubation time to give maximum growth (Fig.  3-A) and the enzme activity (Fig. 3-B) in media containing 0.5, 0.8, and 1.2% casitone were 72, 96, and 120h, respectively. Release of enzyme decreased with an increasing concentration of casitone. When Alteromonas sp. H-4 was incubated in medium containing 0.5% casitone. the maximum enzyme activity was obtained only after 72h incubation but rapidly decreased thereafter. Changes in growth and alginate lyase activity in media containing 0.1% sodium alginate and without sodium alginate is shown in Fig. 4 . On a medium without sodium alginate, alginate lyase was produced by Alteromonas sp. H-4. However, in media containing 0.1% sodium alginate, the release of lyase slightly increased as compared with that of without sodium alginate, but the difference of activity between culture with sodium alginate and without sodium alginate was only one unit/m/ (Fig. 4-B) .
The time course of alginate lyase production by Alteromonas sp. H-4 in media containing 0.8% casitone, 0.1% sodium alginate, and 75% seawater is shown in Fig. 5 . The enzyme was produced from exponential phase and was on its maximum during stationary phase (96h), and the time course of alginate lyase production and growth of Alteromonas sp. were almost parallel. 
Discussion
Ando and Inoue7,8) isolated Vibrio-like bacterium from decaying Rishiri-kombu.
They reported that the bacterium degrade alginate, and produced holes on small thalli of Rishiri-kombu.
We isolated a bacterium from decaying Rishiri-kombu, so-called "Anaaki-sho".
The strain H-4 completely degraded thallus of kombu for 1 week. We speculated that "Anaaki-sho" on Rishirikombu is caused by the multiplication of alginolytic bacteria including Vibrio sp. and the isolated bacterium.
Strain H-4 from decayed thalli of L. japonica var. ochotensis closely resembles A. macleodii, A. haloplanktis, and A. espejiana described by Bergey's Manual3) in biochemical and morphological characters. Of these 3 species, strain H-4 was closest to A. espejinan with respect to degrading alginate but were different from each other in some characteristics.
Moreover, the determined DNA base composition of strain H-4 was lower (39.8 mol%) than that of A. espejiana (43-44 mol%). These results suggest that strain H-4 could not be identified to any species in the genus Alteromonas.
Alginate lyases appeared to be present in culture medium during exponential phase of Alteromonas sp. H-4, and the change of release of alginate lyase almost corresponded with the growth curve of Alteromonas sp. H-4 in all culture conditions tested.
The release of alginate lyase by Alteromonas . sp. H-4 was highest in media with high concentration of seawater (more than 75%), and with the decrease of seawater concentration in media, a corresponding decrease in release of alginate lyase was observed. Ions such as Na+, K+, and Mg2+, main component of seawater, may protect the activity of alginate lyase. This perhaps explains the increase in alginate lyase activity at higher seawater concentrations and the decrease at lower concentrations.
Alteromonas sp. H-4 produced alginate lyase in media without sodium alginate, and Quatrano & Doubet9) and Kitamikado et al.10) also reported existence of such alginate lyase producing bacteria.
